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PREFACE 



As is indicated by the title of this thesis, 
the author intended to study the effect of 
both vacuum and pressure on the process of 
differential thermal analysis. However, 
because of unavoidable time delays, in the 
procurement of the material necessary to 
convert the existing equipment, there 
v/as not sufficient time available for 
the study of the effect of both vacuum 
and pressure. Therefore, the scope of 
this paper has been reduced, and only the 
study of the effect of a vacuum on the 
process has been accomplished. This study 
is recorded in the following pages. 



TABLE OF CONTENTS 



SECTION PAGE 

INTRODUCTION 1 

THEORY 

General 6 

Derivation of Equation 10 

EQUIPMENT 

General Description 13 

Furnaces 13 

Sample Holders 14 

Thermocouples 15 

Thermocouple Tester 15 

Recording Equipment 16 

Temperature Control 16 

Vacuum Equipment 17 

Preparation Apparatus 17 

EQUIPMENT CALIBRATION 18 

PROCEDURE 

General 20 

Clay Mineral Samples 21 

Inert Standard 22 

Heating Rate 22 

Thermocouples 23 

Weights of Sample 23 

Preparation of Sample Holder 24 

Operation of Equipment 



24 



SECTION PAGE 

PROCEDURE (Continued) 

When Vacuum Was Used 25 

Data Recorded 26 

Furnace Cooling 27 

INVESTIGATIONS AND OBSERVATIONS 

General 29 

Clay Mineral Structure 30 

Curves of H-4 Kaolinite 33 

Curves of H-12 Halloysite 34 

Curves of H-24 Bentonite 35 

Curves of H-36 Illitc 36 

Record of Tests Conducted 37 

Results of First Scries of Tests 37 

Results of Second Series of Tests 40 

Results of Third Series of Tests 43 

CONCLUSIONS AND RECOMMENDATIONS 46 

BIBLIOgRAPFY 49 

appendix: 

A - Photographs of Equipment Used A-l 

B - Samples of Curves Obtained B-l 



- 1 - 



INTRODUCTION 

In working with clays and soils, great difficulty 
is often encountered in identifying the minerals in 
the finer fractions <■ Inasmuch as it is these finer 
fractions which have great effects on the engineering 
properties of soils, it is necessary that a satisf actory 
method of identification be evolved. The petrographic 
method is satisfactory for the larger grain size range; 
X-Ray diffraction will show certain crystal character- 
istics of the finer grains when they occur in fairly 
large proportions; chemical analysis will give an 
accurate analysis, but the method is time consuming, 
expensive, and the results do not indicate the manner 
in which the constituents are combined. 

Differential thermal analysis is a technique for 
the stydy of certain thermal characteristics of clay 
minerals. Basically, differential thermal analysis 
consists of comparing the thermal properties of an active 
substance with those of an inactive substance while 
both materials arc being heated at a constant rate. 

During this heating process, changes occur in the struc- 
ture and adsorbed moisture content of the soil particles. 



NOTE: 

Throughout the paper, all numbers in parenthesis refer 
to corresponding it^m numbers in the Bibliography. 
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nnd this results in the release or imbibition of heat. 
Since there are no structural changes in the inert 
material, the difference in temperature between the soil 
and the inert material is a measure of the change occurr- 
ing in the soil. Each mineral has a characteristic 
curve of thermal change . 

Initial investigations of minerals using this 
method arc credited to Le Chatclier (1887), who is 
generally acknowledged as the originator of the techni- 
que. A few years later with Saladin (1904), Le Chatelier 
presented a paper describing a modified apparatus, but 
they were unable to get reproducible curves. 

In the period that followed, Wallock (1913) studied 
clays while Wohlcn (1913) studied clays, bauxite, and 
allied materials. Houldsworth and Cobb (1922) and 
Kurnakov and Urazov (1924), applied thermal analysis 
to similinr substances. 

It, was not until recent years with the advent of 
improved recording and temperature control equipment 
that investigators could obtain repr >duciblo curves or 
semi-quantitative information. The modern era with an 
intensified study of all aspects of the technique began 
in France by Orcel and Caillorc (1933) and in the United 
States with Inslcy and Ewell (1935). During this period, 
many papers wore presented on the different aspects of 
differential thermal analysis, some of the m^re notable 
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aro : Caillorc (1933-1934); Dubois (1936); Kazakov 

and Andrianov (1936) on methods used in differential 
analysis; Kumanin and Kalncn (1936) on theory; Menshutkin 
(1936) on history; Orccl (1935) on lateritcs; Thilo 
and Schunomann (1937) on pyrophyllite ; Wilcox and 
Bos sard (1936) on self-recording apparatus; and Norton 
(1939), on an evaluation of the method as applied to 
clay minerals . 

Orccl (1935) presented a paper giving thermal 
curves for most of the clay minerals and for many natural 
clays. In this paper Orccl suggested the possibility 
of quanitativc measurement as well as qualitative analysis 
but no analysis was attempted until 1938 when Norton (18) 
presented his paper. 

In recent years the applications of differential 
thermal analysis have been numerous and varied. Of 
particular interest to the soils engineer arc the 
critical, studies of many clay minerals in 1942 by Grim 
and Rowland (7), and basic information on the general 
application of the method presented in 1945 by Spoil, 
Berkelhammer , Pask, and Davies (21). 

Research Project 49 of the American Petroleum 
Institute, conducted by Kerr, Kulp, and Hamilton (13), 
has added considerably t" 1 the available information by 
their application of a semi-quantitative method of 
differential thermal analysis to a study of clay mineral 
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rcgions throughout the United States. This is part of a 
project being carried on by the American Petroleum 
Institute which has ns its ultimate goal "to assemble 
and completely describe a suite of reference samples 
which might serve for purposes of comparison in the 
general field of clay mineral )gy. " 

The differential thermal method of analysis of soil 
samples has as its purpose the identif ication of the 
minerals (clay minerals or other minerals of "clay-size" 
particles) present in the soil, and a determination of 
the relative abundance of these minerals. The identi- 
fication of the minerals present in a sample of soil is 
accomplished by comparing the differential thermal curve 
obtained from a trial run with the curves obtained from 
runs on known materials with all runs conducted under 
similiar physical conditions. A more detailed discussion 
of the -theory involved is made later in this paper. 

V/>rk on the identification of clay minerals by 

-ic- 

differential thermal analysis was initiated at Renssalaer 
Polytechnic Institute in 1948 by Costello (2), who used 
a tube furnace for heating the samples, measured the 
temperatures with a portable potentiometer, and con- 
trolled the heating rate by manually operating a variable 
transformer. In 1949 Bystrowski (1) added an autographic 
recorder for recording the sample and differential tempera- 
tures. In 1950 Hoskins and Hudson (10) added a poten- 
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tionmetcr pyrometer and conducted investigations to 
ascertain the effect of variable conditions - heating 



rate, mineral grain size, etc. - on the differential 
thermal curves of certain minerals. In 1951 Merritt and 
White (17) conducted further investigations into the 
effect of the same and other variable factors - pretreat 
ment of sample, ion saturation, weight of sample, ratio 
of sample weight to standard weight, etc. - which 
influence a quantitative analysis of clay minerals. 

In 1953 Harper and Kitterman (9) made certain refinement 
of the apparatus in an attempt to minimize experimental 
errors and obtained differential thermal curves for 
stated weights of several of the standard clay minerals. 
The work of the author of this paper is considered to be 
a logical and practical extension of the experimental 
work in the improvement of the method of determination 
of clay mineral content by the use of differential 
thormale.analysis . 
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TEEORY 



General 

The theory of differential thermal analysis as 
outlined by Speil in 1945 and modified by Kerr, Kulp, 
and Hamilton (13) is included in this study to aid in 
interpreting the test results which are presented later 
in this paper. The derivation is not entirely rigorous 
but it docs take into account those factors which nor- 
mally affect the curves within the limits of experimen- 
tal error. 

Two methods of study may be used in connection 
with the thermal properties of minerals. Either the 
static or dynamic method of heating may be applied to 
a substance causing it to undergo chemical or physical 
changes. The static method, equilibrium dehydration, 
uses a static method of heating and is concerned with 

the determination of the percent loss of weight as a 

*«• 

function’ of temperature. This method has certain in- 
herent difficulties of measurement and it is generally 
believed that the method of differential thermal analysis 
offers greater possibilities for the study of clay 
mineral structure. 

Differential thermal analysis consists of comparing 
the thermal properties of an active substance with those 
of a thermally inactive material by heating the materials 
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at a constant rate up to a temperature of approximately 
1100°C. 

The temperatures of both the active and the inert 
materials arc measured by separate thermocouples, while 
the difference in temperature between the two materials 
is measured by a differential thermocouple connecting 
the two substances. The changes in the active material 
which cause these differences in temperature may be 
considered a dehydration process or a decomposition 
process. Suitable equipment records the temperatures 
at which the thermal chanrcs take place as well as the 
intensities of these reactions. The final results 
appear as a curve showinr' the temperature difference 
between the active and inert materials (usually expressed 
in millivolt equivalents) as a function of the tempera- 
ture of the active material. 

Dehydration produces an endothermic reaction, durinr 
which 'the sample absorbs more heat than the standard, 
causing the temperature of the sample to lar behind 
that of the standard. This temperature lap- introduces 
an electrical potential in the differential thermocouple 
which causes a displacement of the differential tempera- 
ture curve in a negative direction. 

An endothermic reaction peak is shown in Firure 1. 
Below temperature "a" , the heat inflow to both thermo- 
couples, sample and inert material, is the same and no 



Differential temperature Percent Loss in Weight 
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EQU I LIBRIUM DEHYDRATION CURVE 




DIFFERENTIAL THERMAL CURVE 




FIGURE 1 



Endothermic Exothermic 
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differenco in the temperature is recorded. This straight 
base line is displaced up or down in small amounts 
according to the relative thermal conductivity of the 
specimen and the inert sample, and the specific heats 
of the specimen and the inert sample. This displacement 
does not affect the general shape of the curve. 

At "a" in Fiaure 1, the reaction in the mineral 
proceeds to absorb heat from its surroundings and the 
sample thermocouple becomes cooler than the thermo- 
couple in the inert material. This effect increases 
until at "b", the rate of heat absorption by the chemical 
reaction equals the rate of differential heat conduc- 
tivity into the specimen. Thereafter, the rate of heat 
absorption continues to decrease m^rc rapidly than the 
inflow of heat from the block. At some point " d " between 
"b" and "c" the reaction ceases. This point is not 
known, ^exactly, and therefore points ’’a” and "c" are 
usually^choscn as the limits of the reaction. Point 

it 

"c" is the position at which the temperature of both 
sample and inert material are arain identical. The 
curve "n-b-c" may or may not be symmetrical depending 
on the nature of the change. If the material has an 
unusually fine particle size, or if it decreases in 
mass durinr dec ompositi on, the back slope may be con- 
siderably steeper than the lower temperature slope as 
a result of competing heat effects. 



